Insulin-induced gene 2 (insig-2) protein is known to play important roles in cholesterol and TAG metabolism both in vivo and in vitro. One particularly interesting single nucleotide polymorphism (SNP), rs7566605, located 10 kb upstream of INSIG2 was reported to have the strongest association with obesity among 86 604 SNP, while the relationship with dyslipidaemia is uncertain. Eight hundred and eighty-five Japanese Americans (347 men and 538 women) and 378 Japanese (182 men and 196 women) were enrolled, and the rs7566605 SNP, which is consistent with either G or C, was determined. We investigated the association between the rs7566605 SNP and the prevalence of hypercholesterolaemia or hypertriacylglycerolaemia, or obesity parameters, as assessed by BMI, waist girth and percentage body fat. There were no significant differences in BMI, waist girth and percentage body fat according to the genotype in each of the four groups, which was divided by population and sex. The prevalence of hypercholesterolaemia was significantly different between the genotypes in Japanese American female subjects (GG, 62·2 %; GC, 57·1 %; CC, 42·1 %; P¼ 0·021), but not in the other subjects. In Japanese American women, the subjects with the CC genotype had a 0·43-fold decreased risk (95 % CI 0·24, 0·80) for hypercholesterolaemia compared with the GG genotype after adjustment for age, percentage body fat, smoking status and hormone replacement therapy. The CC genotype of the rs7566605 SNP is suggested to be a protective genetic factor against the progression of hypercholesterolaemia on a high-fat diet, especially in Japanese female subjects.
Insulin-induced gene 2 (insig-2) protein is known to play important roles in cholesterol and TAG metabolism both in vivo and in vitro. One particularly interesting single nucleotide polymorphism (SNP), rs7566605, located 10 kb upstream of INSIG2 was reported to have the strongest association with obesity among 86 604 SNP, while the relationship with dyslipidaemia is uncertain. Eight hundred and eighty-five Japanese Americans (347 men and 538 women) and 378 Japanese (182 men and 196 women) were enrolled, and the rs7566605 SNP, which is consistent with either G or C, was determined. We investigated the association between the rs7566605 SNP and the prevalence of hypercholesterolaemia or hypertriacylglycerolaemia, or obesity parameters, as assessed by BMI, waist girth and percentage body fat. There were no significant differences in BMI, waist girth and percentage body fat according to the genotype in each of the four groups, which was divided by population and sex. The prevalence of hypercholesterolaemia was significantly different between the genotypes in Japanese American female subjects (GG, 62·2 %; GC, 57·1 %; CC, 42·1 %; P¼ 0·021), but not in the other subjects. In Japanese American women, the subjects with the CC genotype had a 0·43-fold decreased risk (95 % CI 0·24, 0·80) for hypercholesterolaemia compared with the GG genotype after adjustment for age, percentage body fat, smoking status and hormone replacement therapy. The CC genotype of the rs7566605 SNP is suggested to be a protective genetic factor against the progression of hypercholesterolaemia on a high-fat diet, especially in Japanese female subjects.
INSIG2
: Polymorphisms: Dyslipidaemia: Obesity: High-fat diet Insulin-induced gene insig proteins, including insig-1 and insig-2, play many important roles in regulating cholesterol or TAG synthesis, mainly in the liver. 3-Hydroxy-3-methylglutaryl (HMG)-CoA reductase, a rate-limiting enzyme in cholesterol synthesis, catalyses the reduction of HMG-CoA to mevalonate (1) . Overexpression of insig proteins can activate the degradation of HMG-CoA reductase in Chinese hamster ovary cells in vitro (2) . The knockdown of insig-2 by RNA interference suppresses the degradation of HMG-CoA reductase in SV-589 cells (3) . In addition, insig-2-overexpressing mice exhibit lower plasma TAG levels compared with wild-type mice, independent of food intake, body weight and fat weight (4) , which suggests the association between insig-2 and TAG metabolism. Taken together, it is suggested that insig-2 is strongly related to cholesterol and TAG metabolism through the level of insig-2 expression.
Recently, an interesting single nucleotide polymorphism (SNP), rs7566605, which is located 10 kb upstream of INSIG2, was found to be associated with obesity, as assessed by BMI (5) . This polymorphism was identified from a genomewide association scan of 86 604 SNP in the Framingham Heart Study offspring cohort. In the report, the relationship with obesity was confirmed in four out of five additional cohorts (5) . Moreover, Lyon et al. identified a significant association between the SNP and obesity in five large cohorts, but detected no correlation in three other cohorts (6) . The relationship between the SNP and the degree of obesity is extremely interesting, because it was suggested that the key factors to resolving the controversy would be the degree of BMI. In short, the SNP is likely to influence BMI in obese subjects rather than lean subjects (5, 6) . We hypothesised that the rs7566605 SNP is associated with hypercholesterolaemia or hypertriacylglycerolaemia, since the polymorphism, which is located upstream of INSIG2, may influence the expression of insig-2. Therefore, we investigated the association between the SNP and the prevalence of hypercholesterolaemia or hypertriacylglycerolaemia as well as obesity in Japanese American and Japanese subjects.
In this Japanese American population-based study, the subjects have been reported to develop dyslipidaemia and obesity more rapidly than Japanese living in Japan because of a Westernised food habit in which Japanese Americans ingested more fat of animal origin and of a lower PUFA:SFA ratio than native Japanese (7, 8) . Therefore, we considered that these populations were suitable for resolving the association between the SNP and dyslipidaemia or obesity, because any genetic susceptibility influenced by differences of food habits would be estimated in comparing between Japanese Americans and Japanese.
Subjects and methods

Study population
We enrolled Japanese Americans in medical surveys in Hawaii and Los Angeles, California, and Japanese living in Japan. The survey, which is called the Hawaii-Los Angeles-Hiroshima study, has continued since 1970 and has been described elsewhere in detail (7) . In brief, the survey represented a long-term epidemiological study of the risk factors for dyslipidaemia, obesity, diabetes, hypertension and atherosclerosis. The subjects living in Hawaii or Los Angeles were limited to a population who originated genetically from the Japanese.
The study subjects were Japanese Americans enrolled in a medical survey in 2002 and 2004, and Japanese living in Japan who had undergone similar medical examinations in 2004. We analysed 885 Japanese Americans (347 men with a mean age of 64·9 (SD 14·8) years and 538 women with a mean age of 65·6 (SD 13·8) years) and 378 Japanese (182 men with a mean age of 52·4 (SD 13·3) years and 196 women with a mean age of 58·2 (SD 10·4) years). All subjects provided written informed consent. The present study was approved by the ethics committee of Hiroshima University and the Council of the Hiroshima Kenjin-Kai Association in Hawaii and Los Angeles.
Measurements
The height, body weight and waist girth of the subjects were measured using standard methods, and the BMI was calculated. The percentage body fat (%fat) was assessed by measuring the bioelectric impedance from foot to foot (9) . The smoking status (current, past, or none) was assessed using standard interviewing procedures. Venous blood was obtained in the morning after overnight fasting. The blood samples were centrifuged, and the obtained serum was immediately frozen. Frozen samples were brought back to Japan and analysed together with the samples obtained in Japan in the same laboratory. Serum total cholesterol and TAG levels were measured using an enzymic method with a 736-60E Auto Analyser (Hitachi, Tokyo, Japan) (10) . HDL-cholesterol levels were determined using a precipitation method (11) . Serum glucose levels were measured by the glucose oxidase method. Serum concentrations of insulin were measured by a double-antibody RIA. Dyslipidaemia was diagnosed as HDL-cholesterol ,400 mg/l, total cholesterol $2200 mg/l, TAG $1500 mg/l, or in patients receiving antidyslipidaemic medicine, such as statins, cholestyramine, fibrate, or others. Hypercholesterolaemia was diagnosed as total cholesterol $2200 mg/l or in patients receiving statins or cholestyramine, and hypertriacylglycerolaemia was diagnosed as TAG $1500 mg/l or in patients receiving fibrate. In Japanese subjects, the details of antidyslipidaemic medication had been undetermined. Thus, the subjects with antidyslipidaemic medications were excluded in considering the prevalence of hypercholesterolaemia or hypertriacylglycerolaemia in Japanese men and women. The homeostasis model assessment for insulin resistance (HOMA-IR) was calculated as follows: fasting serum insulin (pmol/l) £ fasting serum glucose (mmol/l)/2·5 (12) . Genomic DNA was extracted from peripheral leucocytes. The rs7566605 SNP, which is consistent with either G or C, was determined by the ABI fluorescence-based assay-bydesign allelic discrimination method (Applied Biosystems, Foster City, CA, USA). Accuracy of genotyping using the method was validated in some cases by comparing the results with sequence data obtained by a PCR-based direct sequencing method.
Statistical analysis
Quantitative data are presented as the mean values and standard deviations for continuous normally distributed variables. During analysis, the values for serum insulin levels and HOMA-IR were converted into their log values and are expressed as medians and interquartile ranges, because the distribution of the data is skewed. Analyses were performed using SPSS for Windows (release 12.0; SPSS Inc., Chicago, IL, USA). P values , 0·05 were considered to be significant. Allele and genotype frequencies were analysed using the gene-counting method and the Hardy -Weinberg equilibrium, and confirmed by the x 2 test. All analyses were performed in both Japanese Americans and Japanese males and females. First, to compare BMI, waist girth and %fat according to the genotype, statistical significance was determined by one-way ANOVA. When we examined the association between the SNP and serum insulin levels or HOMA-IR, subjects with a history of diabetes, receiving treatment for diabetes, or serum fasting glucose levels higher than 1600 mg/l were excluded. Power analyses to detect the association between BMI and the SNP were performed to confirm the sufficient sample size in each of the four groups, as reference to the study reported by Herbert et al. (5) . Second, the associations between the SNP and the prevalence of dyslipidaemia, hypercholesterolaemia, or hypertriacylglycerolaemia were analysed by the x 2 test. Furthermore, the same analyses were performed after the Japanese American women were divided into those with the G allele and CC genotype or the GG genotype and C allele. Third, OR, corresponding 95 % CI, and standard coefficient for the prevalence of hypercholesterolaemia were determined by logistic regression analyses taking into the SNP, age, %fat, smoking status and hormone replacement therapy in Japanese American female subjects.
Results
In Japanese Americans, the allele frequency of the rs7566605 SNP was 0·679 for G and 0·321 for C, and the genotype distribution was as follows: GG, 46·6 %; GC, 42·6 %; CC, 10·8 %. In Japanese, the allele frequency was 0·642 for G and 0·358 for C, and the distribution (GG, 39·4 %; GC, 49·5 %; CC, 11·1 %) assessed by the x 2 test did not differ from that in Japanese Americans. Genotypes did not deviate significantly from the expected Hardy -Weinberg frequencies.
The subjects were divided into four groups according to population and sex, and the subjects' clinical and biological characteristics according to the genotypes are shown in Tables 1  and 2 . In each of the four groups, there were no significant 5·8  6·3  6·6  0·785  5·5  5·0  6·4  0·629  Interquartile range  4·0 -9·2  3·6 -10·2  4·4 -9·1  3·5 -7·5  3·4 -7·1  3·3 -10·1  HOMA-IR  Median  1·38  1·49  1·64  0·937  1·25  1·18  1·57  0·567  Interquartile range  0·91 -2·16  0·82 -2·44  1·05 -2·04  0·83 -1·97  0·78 -1·76  0·69 -2·41 HOMA-IR, homeostasis model assessment for insulin resistance. * Statistical significance was determined by one-way ANOVA. 5·8  5·9  5·5  0·878  3·7  3·4  3·7  0·686  Interquartile range  3·7 -8·6  3·9 -8·6  3·7 -9·2  2·6 -5·9  2·6 -4·8  2·6 -6·8  HOMA-IR  Median  1·25  1·23  1·19  0·884  0·81  0·78  0·83  0·718  Interquartile range  0·79-1·93  0·79 -1·89  0·79 -2·10  0·57-1·41  0·61 -1·17  0·60 -1·67 HOMA-IR, homeostasis model assessment for insulin resistance. * Statistical significance was determined by one-way ANOVA.
differences in age, BMI, waist girth, %fat, serum insulin levels and HOMA-IR among genotypes. In both Japanese American men and women, the power to detect the association between BMI and the SNP was more than 90 %. In Japanese men and women, the power was more than 80 %. In both Japanese American and Japanese men, there was no relationship between the SNP and the prevalence of dyslipidaemia, hypercholesterolaemia or hypertriacylglycerolaemia (Table 1 ). The prevalence of dyslipidaemia was significantly different between the genotypes in Japanese American women (GG, 73·4 %; GC, 69·2 %; CC, 52·6 %; P¼0·009), but not in Japanese women (Table 2 ). In particularly, a significant association was obtained in the prevalence of hypercholesterolaemia (GG, 62·2 %; GC, 57·1 %; CC, 42·1 %; P¼0·021), but not in that of hypertriacylglycerolaemia (GG, 32·0 %; GC, 33·8 %; CC, 28·1 %; P¼0·701). To specifically and sensitively detect the mutation for hypercholesterolaemia, Japanese American women were divided into the G allele and CC genotype, or GG genotype and C allele. The subjects with the G allele exhibited a higher prevalence of hypercholesterolaemia compared with the CC genotype by the x 2 test (G allele 60·0 % v. CC 42·1 %; P¼0·011), whereas no difference was observed for the others (GG 62·2 % v. C allele 54·2 %; P¼0·061).
Last, we assessed the OR of hypercholesterolaemia from logistic regression analysis in Japanese American women ( Table 3 ). The subjects with the CC genotype had a 0·43-fold decreased risk (95 % CI 0·24, 0·80) for hypercholesterolaemia compared with the GG genotype after adjustment for age, %fat, smoking status and hormone replacement therapy. In addition, age and %fat were independent risk factors for hypercholesterolaemia and the standard coefficients of them were higher than that of the SNP.
Discussion
We demonstrated that the INSIG2 upstream SNP, rs7566605, was related to the prevalence of hypercholesterolaemia in Japanese American female subjects, but not in Japanese male and female, or Japanese American male subjects. The CC genotype is an independent protective genetic factor for progressing hypercholesterolaemia on a high-fat diet, especially in female subjects.
We examined the hypothesis that the rs7566605 SNP influences the prevalence of dyslipidaemia including hypercholesterolaemia or hypertriacylglycerolaemia, and this is the first report to prove the associations. The relationship between insig-2 and cholesterol metabolism has been reported by experimental investigations in which insig-2 regulated the degradation of HMG-CoA reductase (2, 3) . Furthermore, the complex of sterol regulatory element-binding proteins (SREBP) and SREBP cleavage-activating protein is essential for transport from the endoplasmic reticulum to the Golgi when SREBP processing occurs and genes encoding enzymes required for synthesis of cholesterol are activated in the Golgi (13, 14) . Under conditions of sterol excess, insig-2, which plays an important role in regulating cholesterol metabolism, prevents such movement through binding to the complex, thereby blocking the synthesis of cholesterol in vitro (15) . Together with these experimental data, the INSIG2 upstream SNP may regulate the expression of insig-2, consequently influencing the prevalence of hypercholesterolaemia. On the other hand, insig-2-overexpressing mice exhibited decreased plasma TAG levels (4) , while the significant relationship between the SNP and prevalence of hypertriacylglycerolaemia was not obtained.
The rs7566605 CC genotype may be a protective gene factor against hypercholesterolaemia only in Japanese Americans, but not in Japanese. In considering the underling mechanisms, two possibilities are suggested. First, under conditions of sterol excess, insig-2 is known to be overexpressed (15) . In Japanese Americans who have a habit of increased ingestion of lipids, insig-2 might be overexpressed with the CC genotype, thereby suppressing the development of hypercholesterolaemia in subjects with the genotype. Second, it has been demonstrated that insig-2 mRNA is downregulated by insulin in livers of experimental animals (16) . In other words, insulin is a factor that determines the amount of insig-2 expression. Japanese Americans presented with higher serum insulin levels compared with the Japanese in this and a previous study (Tables 1 and 2 ) (17) . Therefore, the location at which the SNP is found might be important for the regulation of insig-2 due to insulin, and, thus, insig-2 with the CC genotype could not be down-regulated by high serum levels of insulin. However, this should be confirmed by functional analyses of the SNP and further in vivo and vitro investigations.
The Japanese American women with the CC genotype had an independent risk reduction of 0·43-fold for developing hypercholesterolaemia, compared with the GG genotype. However, the influence of genetic factors was not more significant than environmental factors, such as %fat, on the result of the logistic regression analysis. Therefore, even if subjects have the CC genotype, it is important to take care of their meal contents, especially fat content.
In male subjects, unlike female subjects, the CC genotype of the rs7566605 SNP was unrelated to the prevalence of dyslipidaemia including hypercholesterolaemia. The effect of the SNP on the advancement of dyslipidaemia on a high-fat diet might be different between men and women. Another possibility exists that, in male rather than female subjects, more environmental factors, such as mental stress, alcohol consumption, etc. independent of high-fat diet might induce the prevalence of dyslipidaemia. We actually reported that a family history of diabetes, which is considered as a basic genetic factor, is important for the development of diabetes, only in female Japanese Americans (18) . We could not provide any support for the results reported by Herbert et al. that the rs7566605 SNP is associated with obesity, as assessed by BMI in five out of six cohorts (5) . Furthermore, we suggest that other parameters related to obesity, such as waist girth and %fat, were also not influenced by the SNP. However, they and other researchers suggested that the effect of the SNP on BMI may be a significant risk factor for more obese subjects, classified as BMI . 30 kg/m 2 , but not for lean subjects as in the current population (5, 6, 19, 20) . Some limitations of the present study should be taken into consideration when interpreting the present results. First, about one-quarter of Japanese American female subjects received hormone replacement therapy. The possibility exists that the lipid profile might be influenced by the therapy. In addition, since there were differences of the age between Japanese American and Japanese women, the present results might be influenced by the age of the subjects. However, even after adjustment for hormone replacement therapy and age, the significant relationship between the SNP and prevalence of hypercholesterolaemia remained. Second, we investigated the association between the SNP and hypercholesterolaemia, by assessing the prevalence, but not actual survey values of total cholesterol, TAG, or HDL-cholesterol. Since the present study included many subjects who were treated for dyslipidaemia, we could not exclude them. Third, details of antidyslipidaemic medication were undetermined in the Japanese population. However, even if the antidyslipidaemic medication was all statins or fibrate in subjects with GG or GC, statistical significance was not obtained among the genotypes in the prevalence of hypercholesterolaemia or hypertriacylglycerolaemia. Thus, we could accept the results that there were no associations between the SNP and prevalence of hypercholesterolaemia or hypertriacylglycerolaemia in Japanese men and women.
In summary, it is suggested that the CC genotype of the INSIG2 upstream SNP, rs7566605, is a protective genetic factor against hypercholesterolaemia, when exposed to a high-fat diet. The SNP may influence the expression of insig-2, consequently determining plasma cholesterol levels, while further clinical and experimental investigations are needed to confirm the present results and hypothesis.
